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Abstract 

Objectives: The State-Trait Anxiety Inventory (STAI) and the Hamilton scale 
for anxiety (HARS) are two of the most important scales employed in clinical 
and psychological realms for the evaluation of anxiety. Although the reliability 
and sensibility of these scales are widely demonstrated there is an open debate 
on what exactly their scores reflect. Neuroimaging provides the potential to val- 
idate the quality and reliability of clinical scales through the identification of 
specific biomarkers. For this reason, we evaluated the neural correlates of these 
two scales in a large cohort of healthy individuals using structural neuroimag- 
ing methods. Case report: Neuroimaging analysis included thickness/volume 
estimation of cortical and subcortical limbic structures, which were regressed 
on anxiety inventory scores with age and gender used for assessing discriminant 
validity. A total of 121 healthy subjects were evaluated. Despite the two anxiety 
scales, at a behavioral level, displaying significant correlations among them 
(HARS with STAI-state (r = 0.24; P = 0.006) and HARS with STAI-trait 
(r = 0.42; P < 0.001)), multivariate neuroimaging analyses demonstrated that 
anatomical variability in the anterior cingulate cortex was the best predictor of 
the HARS scores (all /Ts > 0.31 and P's < 0.01), whereas STAI-related measures 
did not show any significant relationship with regions of limbic circuits, 
but their scores were predicted by gender (all /Ts > 0.23 and P's < 0.02). 
Conclusion: Although the purpose of HARS and STAI is to quantify the degree 
and characteristics of anxiety-like behaviors, our neuroimaging data indicated 
that these scales are neurobiologically different, confirming that their scores 
might reflect different aspects of anxiety: the HARS is more related to subclini- 
cal expression of anxiety disorders, whereas the STAI captures sub-dimensions 
of personality linked to anxiety. 



Introduction 

Anxiety may be defined as a group of emotional reactions 
caused by external or internal stimuli. Anxiety is a symp- 
tom that accompanies numerous psychological/psychiatric 
disorders, such as Generalized Anxiety Disorder (GAD) 
and Social Anxiety Disorder (SAD) (Torres et al. 2012; 
Uchida et al. 2008), and neurological disorders (i.e., Par- 
kinson's disease, Mondolo et al. 2007). 

Two of the most widely used measurements to assess 
anxiety are the State-Trait Anxiety Inventory (STAI) and 
Hamilton scale for anxiety (HARS) (Balon 2007; Spielber- 
ger 1989). The STAI is a self-administered assessment 



scale for the evaluation of severity of anxiety, that clearly 
differentiates between the temporary condition of state 
anxiety and the more general and long-standing quality 
of trait anxiety, each containing 20 items addressing 
somatic, affective, and cognitive aspects. According to 
Spielberger's anxiety theory (Spielberger et al. 1970) 
"state" is defined as a subjective, consciously perceived 
feeling of fear and tension that is accompanied by the 
activation or agitation of the autonomous nervous sys- 
tem. On the other hand, anxiety as a "trait" is defined as 
a motif or acquired behavioral disposition that makes an 
individual susceptible to perceiving a wide range of objec- 
tively harmless situations as threatening and to react to 
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them with the anxiety states. Several lines of evidence 
have shown that STAI has an elevated construct validity 
since its scores are positively correlated with other scales 
that measure anxiety (HARS, Mondolo et al. 2007 and 
Anxiety Scale Questionnaire [ASQ]) and present high 
test-rest reliability (Rule and Traver 1983). Although sev- 
eral hundred published studies have employed this scale 
in nonclinical contexts, STAI is also widely used to clini- 
cally assess anxiety in psychiatric (Kennedy et al. 2001; 
Tecer et al. 2004) and neurological populations (Di Legge 
et al. 2003; Tinaz et al. 2011). 

HARS is a clinician-administered scale to assess anxiety 
symptoms (Hamilton 1959), normally used in psychiatric 
contexts (Bech 2009). There are several versions of this 
clinician-rated scale, but the 14- and 15-item versions are 
the most used. Designed to measure the severity of anxi- 
ety, it contains a high proportion of somatic items. 

STAI and HARS scales have a great sensitivity in 
detecting anxiety disorders and anxiety-like behaviors 
(Balon 2007; Bech 2011), although HARS is used to assess 
anxiety symptoms in a broad way (Bech 2011, 2012; de 
Bonis 1974), while STAI is usually used to capture endur- 
ing characteristics and patterns of symptoms (Campbell- 
Sills and Brown 2004). However, to date it is still unclear 
exactly what their scores reflect (Kennedy et al. 2001; 
Montag et al. 2013). The modern techniques of neuroi- 
maging offer a way to consistently validate the quality 
and reliability of a behavioral/clinical scale through the 
identification of specific biomarkers. A biomarker is any 
measurable indicator (functional brain activity or mor- 
phological change) of a disease or behavior that could be 
correlated with a single aspect of the disease process. In 
other words, a biomarker is a characteristic that could be 
objectively measured and evaluated as an indicator of a 
normal biological process (Lenzenweger 2013). A large 
number of studies have explored the macro- and micro- 
structural biomarkers of anxiety-related processes. This 
research highlighted the presence of different degrees of 
relationship (positive and negative association) between 
the presence of anxiety in a nonclinical population as 
assessed by various clinical scales (STAI, Beck Anxiety 
Inventory (BAI), behavioral inhibition scale/behavioral 
approach system (BIS/BAS) and Liebowitz Social Anxiety 
Scale (LSAS)) and specific brain measurements. Overall, 
what clearly emerged from these studies was that the 
more important brain regions (biomarkers) involved in 
anxiety-like behaviors are: the amygdala, hippocampus, 
orbitofrontal cortex (OFC), and anterior cingulate cortex 
(ACC) (Blackmon et al. 2011; Baur et al. 2012; Kuhn 
et al. 2011; Spampinato et al. 2009; Liao et al. 2010; Fu- 
entes et al. 2012; Barros-Loscertales et al. 2006; Cherbuin 
et al. 2008). As concerns HARS measurements, although 
this is normally employed in a clinical context (Zhang 



et al. 2013), some neuroimaging studies employed this 
scale for assessing anxiety in healthy populations (Rasetti 
et al. 2010; Schunck et al. 2008), without providing a 
definite neural correlates of this scale. 

Individual differences in anxiety symptoms or traits 
may place certain people at greater risk for development 
of psychopathology or neuropsychiatric disorders. There- 
fore, studying the neural correlates may help us to under- 
stand neural mechanisms underlying risk behaviors in 
both clinical and nonclinical populations. Since neuroi- 
maging literature about STAI and HARS measurements 
are somewhat confusing, this study is aimed at providing, 
on a large nonclinical population, the neuroanatomical 
correlates of these two important scales in order to iden- 
tify risk factors for developing anxiety disorders through- 
out mechanisms linked with the morphology of critical 
regions involved in emotion regulation and control 
(amygdala, hippocampus, OFC, and ACC). To this end, 
we employed two well-known complementary structural 
neuroimaging metrics: voxel-based morphometry (VBM) 
(Ashburner and Friston 2005) and cortical thickness 
(Freesurfer) (Fischl and Dale 2000). The null hypothesis 
is that if these scales measure similar aspects of anxiety, 
neuroimaging data should provide similar neural corre- 
lates associated with their scores. Otherwise, the alterna- 
tive hypothesis is whether HARS and STAI scores reflect 
different aspects of the biological mechanisms underlying 
anxiety-like behaviors; in this case their scores might be 
associated with different brain networks. 

Material and Methods 

Subjects 

From April 2007 to June 2010, 159 right-handed healthy 
subjects were recruited from the University "Magna Grae- 
cia" of Catanzaro. All participants gave written informed 
consent for participation in the study, which was 
approved by the local ethics committee at the University 
of Catanzaro. Exclusion criteria were: (1) no evidence of 
neurological or psychiatric disorders (assessed with Struc- 
ture Clinical Interview for Diagnostic and Statistical Man- 
ual of Mental Disorder-IV) (six individuals fulfilled this 
criteria); (2) no histories of substance abuse or other 
medical problems (three individuals fulfilled this criteria); 
(3) no presence of vascular brain lesions, brain tumor 
and/or marked cortical and/or subcortical atrophy on 
magnetic resonance imaging (MRI) scan (20 individuals 
fulfilled this criteria); and (4) no presence of cognitive 
impairment (Mini Mental State Examination (MMSE) 
score > 24) (nine individuals fulfilled this criteria). 

After a careful evaluation of these exclusion criteria, 
121 subjects (mean ± SD age = 38.7 ± 15.1; 67 (55%) 
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women) were eligible for this study. Eighty-three individ- 
uals had taken part in our previous imaging genetic stud- 
ies (Labate et al. 2012; Cerasa et al. 2009; Liguori et al. 
2007). Psychometric evaluation of anxiety was performed 
using the: (1) HARS test, a 14-item test measuring the 
severity of anxiety symptoms; each item is scored on a 
scale of 0 (not present) to 4 (severe), with a total score 
range of 0 to 56 with scores <17 suggesting mild anxiety, 
18 to 24 mild to moderate anxiety and 25 to 30 moderate 
to severe anxiety, >30 severe anxiety; (b) STAI test (form 
Y), a 40-question self-administered test for measuring 
anxiety as a state (i.e., temporary and situational anxiety) 
or trait (i.e., general, long-standing proneness to anxious 
situations); the STAI scale has 20 questions each for state 
and trait anxiety, and each question is scored on a 
4-point Likert-type scale, ranging from 1 to 4 (from "not 
at all" to "very much so" for the STAI-state and from 
"almost never" to "almost always" for the STAI-trait) 
with a total score range of 20 to 80, with scores >40 sug- 
gesting for pathological level of anxiety. Low scores indi- 
cate a mild form of anxiety whereas median scores 
indicate a moderate form of anxiety and high scores indi- 
cate a severe form of anxiety. The median alpha reliability 
coefficients for the State and Trait scales (Form Y) are 
0.92 and 0.90, respectively (Spielberger et al. 1983). Simi- 
larly, HARS has been found to have an Inter-rater reli- 
ability, reported as an Intraclass Correlation Coefficient, 
of 0.74-0.96 (Bruss et al. 1994). 

MRI data acquisition 

Brain Magnetic resonance imaging (MRI) was performed 
according to our routine protocol with a 1.5-T unit 
(Signa NV/I; GE Medical Systems, Milwaukee, WI). A 3D 
Tl -weighted high-resolution spoiled gradient echo 
(SPGR) sequence with a 1.2-mm slice thickness and an 
isotropic in-plane resolution of 0.94 mm was acquired 
with the following parameters: repetition time 15.2 ms, 
echo time 6.7 ms, flip angle 15°, 115 slices, matrix size 
256 x 256 and a field of view of 24 cm. 

Amygdala-hippocampus volumetry 

Automated labeling and quantification of amygdala and 
hippocampal volumes were performed using FreeSurfer 
4.05 installed on a Red Hat Enterprise Linux v.5. The auto- 
mated procedures for volumetric measures of several deep 
CM structures have been previously described (Cerasa et al. 
2011; Fischl et al. 2002). This procedure automatically pro- 
vided segments and labels for up to 40 unique structures 
and assigned a neuroanatomical label to each voxel in an 
MRI volume based on probabilistic information estimated 
automatically from a manually labeled training set. 



The automated subcortical segmentation performed by 
Freesurfer required the following steps. First, an optimal 
linear transform was computed that maximized the likeli- 
hood of the input image, given an atlas constructed from 
manually labeled images. A nonlinear transform was then 
initialized with the linear one, and the images were 
allowed to further deform to better match the atlas. 
Finally, a Bayesian segmentation procedure was per- 
formed, and the maximum a posteriori estimate of the 
labeling was computed. This approach provides advanta- 
ges similar to manual region-of-interest (ROI) drawing 
(Jovicich et al. 2009; Morey et al. 2009) without the 
potential for rater bias, offering an anatomically accurate 
rendering of regional volumes. Intracranial volume (ICV) 
was calculated and used to correct the regional brain 
volume analyses. 

Cortical thickness analysis 

Magnetic resonance imaging (MRI) -based quantification 
of cortical thickness was further performed using Freesur- 
fer. This method has been previously described in detail 
(Fischl et al. 2002, 1999). The procedure involves segmen- 
tation of white matter, tessellation of the gray/white mat- 
ter junction, inflation of the folded surface, tessellation 
patterns, and automatic correction of topological defects 
in the resulting mainfold. Cortical thickness measure- 
ments were obtained by reconstructing representations of 
the gray/white matter boundary and the cortical surface. 
The distance between these two surfaces was calculated 
individually at each point across the cortical mantle. This 
method uses both intensity and continuity information 
from the entire 3D MRI volume in segmentation and 
deformation procedures to construct representations of 
cortical thickness. Thickness measurements can be 
mapped onto the "inflated" surface of each participant's 
reconstructed brain, thus allowing visualization without 
interference from cortical folding. Maps were smoothed 
using a circularly symmetrical Gaussian kernel across the 
surface with a standard deviation of 10 mm and averaged 
across participants using a nonrigid high-dimensional 
spherical averaging method to align cortical folding 
patterns. 

Given the substantial evidence on the neuroanatomical 
basis of anxiety-like behaviors, the primary aim of this 
study was to focus multivariate statistical analyses within 
six regions of interest (ROIs) or panellation units (PUs) 
(Cerasa et al. 2010): (1) the orbitofrontal cortex (divided 
into the medial and lateral parts); (2) the anterior cingu- 
late cortex (divided into rostral- and caudal-anterior cor- 
tices); (3) the entire volume of the amygdala and d) the 
hippocampus. Cortical ROIs or PUs were drawn on maps 
of average folding patterns on the cortical surface, with 
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reference to an anatomical atlas; while subcortical vol- 
umes were extracted by using an automated labeling pro- 
cedure within Freesurfer (Fischl et al. 2002, 2004) 
(Fig. 1). Each cortical ROI was mapped back onto each 
individual subject's unfolded surface by applying the same 
algorithm that morphed each subject's unfolded surface 
to the average spherical surface representation in reverse. 
Mean thickness for each cortical ROI was calculated by 
averaging the mean cortical thickness measurements at 
each vertex within a given ROI. Normalized amygdala 
and hippocampal values were calculated as follows: [raw 
data volume/ICV]*1000. For each of these ROIs the right- 
and left-hemisphere measurements were pooled together. 

Voxel-based morphometry 

To corroborate Freesurfer-related findings we further per- 
formed a voxel-based analysis investigating GM volume 
changes. Data were processed using the SPM8 software 
(http://www.fil.ion.ucl.ac.uk/spm), where we applied VBM 
implemented in the VBM8 toolbox (http://dbm.neur- 




Figure 1. Cortical panellation units (PUs) involved with a priori 
hypothesis as obtained by Freesurfer's segmentation. The orbitofrontal 
cortex was composed by the medial and lateral part, while the 
anterior cingulate cortex included the subregions rostral- and caudal- 
anterior cortices. Cortical thickness measurements were extracted 
from these regions. Neuroimaging analysis was also conducted using 
volumetric measures of the amygdala and hippocampus (lower panel). 
Only one hemisphere is shown. 



o. uni-jena.de/vbm.html) and incorporated the DARTEL 
toolbox that was used to obtain a high-dimensional nor- 
malization protocol. Images were bias-corrected, tissue 
classified, and registered using linear (12-parameter 
affine) and nonlinear transformations, within a unified 
model. Subsequently, the warped GM segments were 
affine transformed into MNI space and were scaled by the 
Jacobian determinants of the deformations (modulation). 
Finally, the modulated volumes were smoothed with a 
Gaussian kernel of 10-mm full width at half maximum 
(FWHM). 

Statistical analysis 

The difference in sex distribution was evaluated with chi- 
square test. The differences between demographical data 
were assessed using unpaired f-test. Correlation analysis 
was performed using r's Spearman. All statistical analyses 
had a two-tailed alpha level of <0.05 for defining signifi- 
cance. 

Freesurfer statistical analysis 

Association between brain anatomy, obtained by auto- 
mated method (Freesurfer), and psychological measures 
were assessed by multiple regression analyses, entering all 
variables simultaneously. Multiple regression analyses 
were conducted with automated brain measurements 
(entire volume of the hippocampus and amygdala, aver- 
age cortical thickness of the rostral/caudal ACC and med- 
ial/lateral OFC) as predictors and anxiety tests as 
predicted variables. Moreover, age and gender were forced 
into the model as predictors variables, since previous 
studies demonstrated correlations between aging and anx- 
iety level (Schneider and Heuft 2012) as well as gender- 
dependent effects on the relationship between brain anat- 
omy and anxiety (Montag et al. 2012). For this reason, 
these two demographical variables were used to further 
test the discriminant validity of association with anxiety. 
Of note, we also conducted curvilinear regression analysis 
to verify if volumetric changes may have occurred as a U- 
shaped course. The multiple regression model, thus, 
included two separate regressors for each subject: (1) the 
behavioral measures of anxiety (testing for linear effects) 
and (2) the square of these values (testing for quadratic 
functions). Curvilinear regression analysis was reported in 
the Supplementary Materials (Table SI), showing a very 
similar pattern of findings as reported for linear regres- 
sion analysis. The analyses were applied to the whole 
sample. Anatomical quantitative measurements of ROIs 
and psychological data were fed into separate regression 
analyses performed with STATISTICS version 6.0 
(www.statsoft.com) . 
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VBM statistical analysis 

The GM volume maps were statistically analyzed using 
the general linear model based on Gaussian random field 
theory. To assess the relationships between GM volume 
and anxiety scores, the smoothed and modulated GM 
images were entered into multiple regression model, with 
age and gender as covariates of no-interest. As previously 
stated, we decided to use the amygdala, hippocampus, 
ACC, lateral and medial OFC as bilateral a priori ROIs 
given their consolidated role in anxiety disorders (Black- 
mon et al. 2011; Kuhn et al. 2011; Spampinato et al. 
2009; Strawn et al. 2013; Greenberg et al. 2013). All ROIs 
were created with the "aal.02" atlas included in the Wake 
Forest University Pickatlas software version 1.04 (http:// 
www.fmri.wfubmc.edu/download.htm). All analyses were 
thresholded by using correction for multiple comparisons 
(family-wise error (FWE) P < 0.05) within ROIs. More- 
over, for exploratory purpose, we also reported findings 
outside ROIs, considering voxels surviving an uncorrected 
whole-brain threshold of P < 0.001. 

Results 

Demographical data 

Demographic features of the healthy individuals are sum- 
marized in Table 1. On the HARS, the mean score for the 
121 participants was 5.13 (SD 4.52; range 0-21). On the 
STAI-trait and STAI-state, the average scores for the sam- 
ple were, respectively, 34.1 (SD 7.28; range 22-56) and 
35.73 (SD 8.1; range 19-67). Since it has been demon- 
strated that women tend to be more anxious than men, 
we evaluated the influence of this variable in our popula- 
tion. Indeed, women were characterized by higher levels 
of anxiety (HARS: 5.64 ± 4.48, STAI-state: 35.9 ± 7.6, 
STAI-trait: 36.8 ± 8.52) than men (HARS: 4.47 ± 4.08, 
STAI-state: 32.1 ± 5.1, STAI-trait: 33.8 ± 5.8), without 
reaching a significant threshold (see Table 1). 

Since previous studies demonstrated a strong associa- 
tion between HARS and STAI scales, we tried to confirm 
this evidence. Simple regression analysis confirmed that 
there was a moderate (but significant) correlation between 
HARS and STAI-state (r = 0.24; P = 0.006) and very 
strong correlations between HARS and STAI-trait 
(r = 0.42; P < 0.001) and between STAI-trait and STAI- 
state (r = 0.63; P < 0.0001). Moreover, since anxiety has 
been reported to be higher in the elderly (Schneider and 
Heuft 2012), we tried to confirm this evidence in our 
large cohort. Simple regression analysis revealed a positive 
significant association of age with HARS scores (r = 0.22; 
P < 0.01) but not with STAI-state (r = -0.03; P = 0.71) 
or STAI-trait (r = 0.01; P = 0.87). 



Table 1. Demographic characteristics. 





Whole group 












P-level 


Variables 


Mean ± SD 


Median (range) 


(f/U) 


M 


1 9 1 
I Z I 






Women, n (%) 


67 (54) 






Ano f\/ciarc:i 


38.7 ± 15.1 


36 (21-70) 




Educational level (years) 


14.7 ± 3.2 


15 (5-21) 




MMSE 


29.4 ± 0.9 


30 (26-30) 






5.13 ± 4.52 


4 (0-21) 




j i Mi-srare 


34.1 ± 7.28 


33 (22-56) 




CTAI trait 
J I MI-LI dl I 


35.73 ± 8.1 


35 (19-67) 






Gender differences 




Variables 


Men 


Women 


P-level 


W 


54 


67 




Age (years) 


39.2 ± 14.4 


38.3 ± 15.7 


0.76 


Educational level (years) 


14.4 ± 3.2 


14.4 ± 3.6 


0.86 


MMSE 


29.48 ± 0.8 


29.4 ± 1.1 


0.75 


HARS 


4.47 ± 4.08 


5.64 ± 4.48 


0.21 


STAI-state 


32.1 ± 5.1 


35.9 ± 7.6 


0.1 


STAI-trait 


33.8 ± 5.8 


36.8 ± 8.52 


0.09 


Data are given as mean values (SD) and analyzed using 


Unpaired 


f-test. 








MMSE, Mini Mental 


State Examination; 


STAI, State-Trait 


Anxiety 


Inventory (STAI); HARS: 


Hamilton Anxiety Rating Scale. 





Freesurfer data 

Multiple regression analysis results are presented in 
Table 2. Anxiety scores, as assessed by HARS, were signif- 
icantly predicted by anatomical variance of the caudal 
(/? = 0.31; P-level = 0.01) and rostral ACC (P = 0.38; 
P-level = 0.002), where individuals with high HARS scores 
showed a pronounced cortical thickening. Otherwise, 
STAI scales were not significantly influenced by any brain 
region involved in emotional processes. However, multiple 
regression analysis demonstrated that the best predictor of 
either STAI-state or STAI-trait scores was gender 
(/? = 0.25; P-level = 0.01; ji = 0.23; P-level = 0.02). 

VBM data 

The relationship between anxiety and brain anatomy was 
also investigated by using simple regression analysis using 
a voxel-based approach. Voxel-based morphometry 
(VBM) confirmed the association between HARS mea- 
sures and GM volume of the ACC (MNI local maxima: 
x = 0, y = 48, z = 6, T-value = 3.61, P FW e-roi = 0.04), 
also revealing an additional correlation with the medial 
OFC (MNI local maxima: x = — 6, y = 58, z = — 5, 
T-value = 4.2, P FWE -roi = 0.01) (Fig. 2). 
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Table 2. Multiple regression analyses contrasting association patterns 
between theoretically relevant neuroanatomical structures underlying 
anxiety-like behaviours and individual variables for the whole sample. 



Predictors 




STAI-state 


STAI-trait 


HARS 


Gender 


B 

r 


0.25 


0.23 


0.1 1 




p 


0.01 


0.02 


0.22 


Age 


B 


-0.01 


0.02 


0.18 




P 


0.91 


0.77 


0.08 


HP 


B 


-0.02 


-0.07 


-0.06 




p 


0.78 


0.52 


0.53 


Amygdala 


B 


0.1 


0.06 


0.03 




P 


0.34 


0.54 


0.74 


CaudalAnterior-ACC 


/»' 


0.15 


0.15 


0.31 




P 


0.21 


0.21 


0.01 


RostralAnterior-ACC 


/»' 


0.19 


0.1 


0.38 




P 


0.12 


0.42 


0.002 


Lateral OFC 


r< 


0.12 


-0.03 


-0.13 




p 


0.35 


0.81 


0.31 


Medial OFC 


/>' 


-0.07 


-0.07 


0.12 




p 


0.63 


0.64 


0.39 


Adjusted R 2 




0.06 


0.02 


0.13 



Significant associations are shown in bold. 

HP, Hippocampus; ACC, Anterior Cingulate Cortex; OFC: Orbitofron- 
tal Cortex. 

Considering the STAI scales, no significant relation- 
ships between anxiety scores and GM volumetric changes 
were detected within a priori ROIs. Otherwise, outside 



ROIs, increases in the STAI-state scores corresponded to 
increased GM volume in a larger cluster encompassing 
medial motor and premotor cortices (MNI local 
maxima: x = — 10, y = — 18, z = 60, T- value = 4.36, 
Puncorrected < 0.001), while STAI-trait scores strongly cor- 
related with GM volume signal changes in the precuneus 
(MNI local maxima: x = —6, y = —57, z = 12, 
T-value = 4.79, P uncorre cted < 0.001) (Fig. 3). 



Discussion 

This study is aimed at providing biological correlates of 
STAI and HARS. Since these scales are widely employed 
for assessing anxiety in the psychological and clinical 
realms, one unsolved question is whether these scales 
embrace a similar psychopathological spectrum or 
whether these reflect different aspects of the anxiety phe- 
nomenon. Our multimodal neuroimaging study would 
seem to confirm the former hypothesis. In fact, despite a 
significant intercorrelation among scales scores, the ACC 
resulted in being the only brain region significantly asso- 
ciated to HARS scores. Otherwise, the STAI scales did not 
show any significant relationship with anatomical regions 
underlying anxiety-like behaviors, but their scores were 
predicted by gender. 

Overall, we obtained several pieces of evidence. First, 
HARS scores were linked to neuroanatomical changes in a 



Figure 2. Relationship between the medial 
OFC and ACC volumes with HARS scores 
as detected by Voxel-based morphometry 
(VBM) analysis. Scatterplot with linear fit 
(solid black line) is also showed in the 
lower panel (surviving correction for 
multiple comparisons, FWE < 0.05). 
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STAI-state STAI-trait 




STAI-state STAI-trait 

Figure 3. Voxel-based morphometry (VBM) analysis reveals positive correlations (considering an exploratory uncorrected whole -brain statistical 
threshold of P < 0.001) between gray matter volume of the medial premotor cortex and STAI-state scores (left side), as well as between gray 
matter volume of the precuneus and STAI-trait scores (right side). Scatterplots with linear fit (solid black line) is also showed in the lower panel. 



brain region strongly involved in emotional regulation: the 
ACC. Specifically, we found a positive correlation with the 
entire ACC. It has been proposed that this region plays a 
critical key role in emotional processing acting like a gen- 
erator of physiological or behavioral responses (Etkin et al. 
2011), and, consequently, this is extensively involved in 
anxiety-like behaviors and anxiety disorders. In particular, 
functional studies investigating the neural correlates of 
anxiety symptoms in healthy individuals demonstrated 
abnormal activation of the ACC in subclinical anxious 
subjects during the experience of pain (Ochsner et al. 
2006) and during the extinction of conditioned fear (Sehl- 
meyer et al. 2011). Similarly, structural neuroimaging 
studies investigating the anatomical predisposition to anxi- 
ety traits, reported significant correlation between high- 
level anxiety (Spampinato et al. 2009) and volumetric vari- 
ability in the ACC. Other evidence coming from imaging 
genetic studies in healthy subjects provides additional con- 
firmation for our data, demonstrating a specific link 
between genetic variations in the serotonin transporter 
promoter polymorphism (5-HTTLPR) (a neurotransmitter 



critically involved in emotional regulation) and neural 
activity of the ACC, demonstrating a genetic liability for 
anxiety-like behaviors (Drabant et al. 2012). All this evi- 
dence suggests that neurobiological alterations underlying 
ACC have an association with the development of anxious 
personality traits and may enhance the vulnerability for 
developing anxiety disorders. Indeed, similar to the evi- 
dence described in a healthy population, neuroimaging 
studies investigating patients with a pathological level of 
anxiety (GAD and SAD) confirmed the presence of brain 
abnormalities in the ACC. In particular, Greenberg et al. 
(2013) showed an abnormal functional response of the 
ACC in patients with GAD during fear generalization 
tasks. Schienle et al. (2011) described a positive relation- 
ship between GM volume of this area and the self-report- 
ing on the degree of worrying in a GAD group. Another 
study found an inverse correlation between thickness of 
the ACC and the severity of the social anxiety symptoms 
in patients with SAD (Frick et al. 2013). For this reason, 
given the reported neural abnormalities of the ACC in 
physiological and pathological conditions, it is possible to 
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define this region as a reliable biomarker that may include 
some aspects of the psychopathological spectrum of anxi- 
ety, and, consequently, HARS scores may represent a reli- 
able behavioral indicator for describing this spectrum. 
Although multivariate statistical analysis highlighted the 
prominent relationship between ACC and anxiety symp- 
toms as assessed by HARS, univariate regression analysis 
performed with VBM depicted the involvement of an 
additional brain region, the OFC, strongly implicated in 
anxiety expression (Milad and Rauch 2007). The signifi- 
cant association between thickening of the OFC and 
increased anxiety in healthy individuals is not surprising 
since previous works highlighted the key role of this region 
in the functional integration of emotional information 
(Blackmon et al. 2011). 

Then, despite a correlation between the two scales, the 
multivariate and multimodal neuroimaging analyses 
revealed that the anatomical variability in the limbic net- 
works did not contribute to the STAI measurements. The 
lack of significant findings might dependent upon the fact 
that STAI scores do not strictly evaluate anxiety per se 
(Kennedy et al. 2001; Bados et al. 2010), but rather, nega- 
tive affects and personality traits capturing several dimen- 
sions of emotional negativity, including anxiety (Bieling 
et al. 1998). Personality traits are individual characteris- 
tics that influence cognition, emotions, and behavior. The 
relationship between personality traits with anxiety is 
complex. Different personality tests embrace a variety of 
personality domains trying to describe aspects of an indi- 
vidual's character that influence cognition, emotions, and 
behavior, leading to adaptive or maladaptive responses. 
For instance, neuroticism, one of the most consistent 
traits of the human personality, assessed by NEO-Person- 
ality Inventory on the basis of the Five Factor Model of 
personality, captures several dimensions of emotional neg- 
ativity, including anxiety (Costa and McCrae 1992). 
Indeed, a correlation between the STAI scale and the 
measure of neuroticism has been demonstrated (Gonda 
et al. 2009). Similarly, harm avoidance, a personality trait 
of temperament and character inventory (TCI) (Cloninger 
et al. 1993) referred to an individual's tendency to inhibit 
behaviors, apprehensiveness and pessimism, has been 
found to be positively correlated with anxiety and depres- 
sion status (Minelli et al. 2009; Uliaszek et al. 2009). 
Investigating functional basis of personality traits, Adel- 
stein et al. (2011) found a significant connectivity 
between the prefrontal cortex and the precuneus, modu- 
lated by the neuroticism level. Again, some neuroimaging 
studies showed that harm avoidance relies on other spe- 
cific brain structures linked to personality traits, including 
the precuneus, cerebellum, and basal ganglia (Laricchiuta 
et al. 2013a, 2013b; Gardini et al. 2009). For this reason, 
it could be hypothesized that neural correlates of STAI 



scores rely on more widespread neural networks, outside 
limbic circuitries. Our additional neuroimaging data 
would seem to confirm this hypothesis. In fact, consider- 
ing regression analysis performed with VBM, we detected 
an association between STAI-trait measures and GM vol- 
ume of the precuneus. Unfortunately, this finding did not 
survive correction for multiple comparisons, thus making 
speculative any attempt to delineate definitive conclusions 
on the relationship between anxiety trait, as assessed by 
STAI, and the role played by the precuneus (self-con- 
sciousness, Fuentes et al. 2012). However, it could bear in 
mind that several previous neuroimaging studies 
described a significant relationship between the anatomy 
of the amygdala, OFC, and ACC and increasing values of 
STAI scores (Blackmon et al. 2011; Baur et al. 2012; 
Kuhn et al. 2011; Spampinato et al. 2009). The discrep- 
ancy between our data and the present literature may be 
due to some methodological differences. Apart from the 
different statistical model (multiple regression model, 
including age and gender as predictors of anxiety level 
together with thickness measurements of specific brain 
regions), in all previous neuroimaging studies, investigat- 
ing the neural correlates of anxiety, the employed non- 
clinical samples were very small (Baur et al. (2012), 
included 32 healthy controls; Spampinato et al. (2009), 
included 30 healthy controls; Blackmon et al. (2011), 
included 34 healthy controls; Kuhn et al. (2011) included 
34 healthy controls). The only neuroimaging study inves- 
tigating a large cohort (Montag et al. 2012) suggested that 
the relationship between anxiety and brain anatomy is 
critically influenced by gender, a critical variable not con- 
sidered in previous studies cited above. This latter finding 
perfectly agrees with our data demonstrating that STAI 
scores are more influenced by gender rather than by ana- 
tomical variability in the limbic regions (Table 2). 

Generally, STAI and HARS measurements did not dif- 
fer only for neural correlates, but are fundamentally char- 
acterized by important psychometric differences. As 
previously argued by Mondolo et al. (2007) the specific 
instructions of the two questionnaires differ. On the 
HARS, there is a description of somatic and psychological 
feelings. The clinician rates the patient by finding the 
answer that best describes the extent to which he/she has 
these conditions. In contrast, on the STAI-state the 
patient is instructed to self-complete the scale in order to 
indicate how he/she feels right at that moment, while on 
the STAI-trait the patient is instructed to indicate how 
he/she generally feels. A second factor is the number of 
items in the two questionnaires. The HARS consists of 
only 14 questions, compared to the 40 questions in the 
STAI. This difference is related to the fact that the HARS 
is an efficient screening instrument for assessing clinically 
significant degrees of anxiety. In contrast, the STAI-trait 



2014 The Authors. Brain and Behavior published by Wiley Periodicals, Inc. 



511 



Neuroimaging Correlates of Anxiety Scales 



G. Donzuso et al. 



scale represents a personality inventory, because it evalu- 
ates the existence of stable individual differences in the 
tendency to respond with state anxiety in the anticipation 
of threatening situations. In this sense, the STAI-trait 
scale is administered to evaluate psychopathological anxi- 
ety traits and is not a screening test for anxious mood 
disorders (Mondolo et al. 2007). For this reason, it is 
possible to hypothesize that the STAI-related assessment 
of anxiety is more dependent upon participant's ability to 
comment or report on his or her own mental state, than 
those performed by HARS. This well-known cognitive 
function is called metacognition, that drastically might 
influence interpretation of personality inventories (Kanai 
and Rees 2011). Future studies investigating the impact of 
metacognitive functions in modulating assessment of anx- 
iety traits are warranted to demonstrate this hypothesis. 
Similarly, further investigations considering other scales, 
such as the BIS/BAS (Carver and White 1994), which has 
been demonstrated to be highly reliable and valid scale of 
anxiety (Zinbarg and Mohlman 1998), are warranted. 

Conclusion 

To our knowledge, this is the first study that provides the 
neural correlates of two important behavioral measures 
for assessing anxiety in a large nonclinical population 
using a multivariate statistical approach. The HARS scale, 
mainly used in the clinical approach, is related to brain 
structure strongly involved in anxiety disorders and anxi- 
ety-like behaviors, such as the ACC, while the STAI scales, 
widely used in both psychological and clinical contexts, 
does not show evident relationships with limbic regions, 
thus suggesting that this scale is more closely linked to 
certain personality traits (i.e., harm avoidance or neuroti- 
cism) in which anxiety is considered as a sub-dimension. 
We retain that our findings might provide a useful land- 
mark for helping clinical practice. 

Conflict of Interest 

None declared. 
References 

Adelstein, J. S., Z. Shehzad, M. Mennes, C. G. Deyoung, 
X. N. Zuo, C. Kelly, et al. 20 1 1 . Personality is reflected in 
the brain's intrinsic functional architecture. PLoS ONE 6: 
e27633. 

Ashburner, I., and K. J. Friston. 2005. Unified segmentation. 

Neuroimage 26:839-851. 
Bados, A., J. Gdmez-Benito, and G. Balaguer. 2010. The 

state-trait anxiety inventory, trait version: does it really 

measure anxiety? J. Pers. Assess. 92:560-567. 



Balon, R. 2007. Rating scales for anxiety/anxiety disorders. 

Curr. Psychiatry Rep. 9:271-277. 
Barros-Loscertales, A., V. Meseguer, A. Sanjuan, V. Belloch, 

M. A. Parcet, R. Torrubia, et al. 2006. Striatum gray matter 

reduction in males with an overactive behavioral activation 

system. Eur. J. Neurosci. 24:2071-2074. 
Baur, V., J. Hanggi, and L. Jancke. 2012. Volumetric 

associations between uncinate fasciculus, amygdala, and trait 

anxiety. BMC Neurosci. 4:4. 
Bech, P. 2009. Fifty years with the Hamilton scales for anxiety 

and depression. A tribute to Max Hamilton. Psychother. 

Psychosom. 78:202-211. 
Bech, P. 2011. Measuring states of anxiety with clinician-rated 

and patient-rated scales. In S. Selek, ed. Different views of 

anxiety disorders. InTech, Croatia. Available from: http:// 

www.intechopen.com/books/different-views-of-anxiety- 

disorders/measuring-states-of-anxiety-withclinician-rated- 

and-patient-rated-scales. ISBN: 978-953-307-560-0. 
Bech, P. 2012. Mood and anxiety in the medically ill. Adv. 

Psychosom. Med. 32:118-132. 
Bieling, P. J., M. M. Antony, and R. P. Swinson. 1998. The 

State-Trait Anxiety Inventory, Trait version: structure and 

content re-examined. Behav. Res. Ther. 36:777-788. 
Blackmon, K., W. B. Barr, C. Carlson, O. Devinsky, I. DuBois, 

D. Pogash, et al. 2011. Structural evidence for involvement 

of a left amygdala-orbitofrontal network in subclinical 

anxiety. Psychiatry Res. 194:296-303. 
de Bonis, M. 1974. Content analysis of 27 anxiety inventories 

and rating scales. Pp. 221-237 in P. Pichot, ed. 

Psychological measurements in psychopharmacology. 

Karger, Basel. 

Bruss, G. S., A. M. Gruenberg, R. D. Goldstein, and J. P. 
Barber. 1994. Hamilton anxiety rating scale interview guide: 
joint interview and test-retest methods for interrater 
reliability. Psychiatry Res. 53:191-202. 

Campbell-Sills, L., and Brown T. A. 2004. Generalized anxiety 
disorder. Pp. 242 in M. M. Antony, D. H. Barlow, eds. 
Handbook of assessment and treatment planning for 
psychological disorders, The Guilford Press, New York. 

Carver, C. S., and T. L. White. 1994. Behavioral inhibition, 
behavioral activation, and affective responses to impending 
reward and punishment: the BIS/BAS scales. J. Pers. Soc. 
Psychol. 67:319-333. 

Cerasa, A., M. C. Gioia, P. Tarantino, A. Labate, G. Arabia, 
G. Annesi, et al. 2009. The DRD2 TaqlA polymorphism 
associated with changed midbrain volumes in healthy 
individuals. Genes Brain Behav. 8:459-463. 

Cerasa, A., A. Cherubini, A. Quattrone, M. C. Gioia, A. 

Magariello, M. Muglia, et al. 2010. Morphological correlates 
of MAO A VNTR polymorphism: new evidence from cortical 
thickness measurement. Behav. Brain Res. 211:118-124. 

Cerasa, A., A. Quattrone, M. C. Gioia, A. Magariello, M. 
Muglia, F. Assogna, et al. 2011. MAO A VNTR 



512 



© 2014 The Authors. Brain and Behavior published by Wiley Periodicals, Inc. 



G. Donzuso ef al. 



Neuroimaging Correlates of Anxiety Scales 



polymorphism and amygdala volume in healthy subjects. 
Psychiatry Res. 191:87-91. 
Cherbuin, N., T. D. Windsor, K. J. Anstey, J. J. Mailer, C. 
Meslin, and P. S. Sachdev. 2008. Hippocampal volume is 
positively associated with behavioural inhibition (BIS) in a 
large community-based sample of mid-life adults: the 
PATH through life study. Soc. Cogn. Affect Neurosci. 
3:262-269. 

Cloninger, C. R., D. M. Svrakic, and T. R. Przybeck. 1993. A 

psychobiological model of temperament and character. 

Arch. Gen. Psychiatry 50:975-990. 
Costa, P. T. Jr, and R. R. McCrae. 1992. NEO PI-R 

professional manual. Psychological Assessment Resources, 

Odessa, FL. 

Di Legge, S., M. C. Piattella, C. Pozzilli, P. Pantano, F. 
Caramia, I. F. Pestalozza, et al. 2003. Longitudinal 
evaluation of depression and anxiety in patients with 
clinically isolated syndrome at high risk of developing early 
multiple sclerosis. Mult. Scler. 9:302-306. 

Drabant, E. M., W. Ramel, M. D. Edge, L. W. Hyde, J. R. 
Kuo, P. R. Goldin, et al. 2012. Neural mechanisms 
underlying 5-HTTLPR-related sensitivity to acute stress. 
Am. J. Psychiatry 169:397-405. 

Etkin, A., T. Egner, and R. Kalisch. 2011. Emotional 
processing in anterior cingulate and medial prefrontal 
cortex. Trends Cogn. Sci. 15:85-93. 

Fischl, B., and A. M. Dale. 2000. Measuring the thickness of 
the human cerebral cortex from magnetic resonance images. 
Proc. Natl Acad. Sci. USA 97:11050-11055. 

Fischl, B., M. I. Sereno, and A. M. Dale. 1999. Cortical 
surface-based analysis. Part II: inflation, flattening, and a 
surface-based coordinate system. Neuroimage 9:195-207. 

Fischl, B., D. H. Salat, E. Busa, M. Albert, M. Dieterich, C. 
Haselgrove, et al. 2002. Whole brain segmentation: 
automated labeling of neuroanatomical structures in the 
human brain. Neuron 33:341—355. 

Fischl, B., D. H. Salat, A. J. van der Kouwe, N. Makris, F. 
Se'gonne, B. T. Quinn, et al. 2004. Sequence-independent 
segmentation of magnetic resonance images. Neuroimage 23 
(Suppl 1):S69-S84. 

Frick, A., K. Howner, H. Fischer, S. F. Eskildsen, M. Kristiansson, 
and T. Furmark. 2013. Cortical thickness alterations in social 
anxiety disorder. Neurosci. Lett. 536:52-55. 

Fuentes, P., A. Barrds-Loscertales, J. C. Bustamante, P. Rosell, 
V. Costumero, and C. Avila. 2012. Individual differences in 
the Behavioral Inhibition System are associated with 
orbitofrontal cortex and precuneus gray matter volume. 
Cogn. Affect Behav. Neurosci. 12:491-498. 

Gardini, S., C. R. Cloninger, and A. Venneri. 2009. Individual 
differences in personality traits reflect structural variance in 
specific brain regions. Brain Res. Bull. 79:265-270. 

Gonda, X., K. N. Fountoulakis, G. Juhasz, Z. Rihmer, J. 

Lazary, and A. Laszik. 2009. et al. Association of the s allele 
of the 5-HTTLPR with neuroticism-related traits and 



temperaments in a psychiatrically healthy population. Eur. 
Arch. Psychiatry Clin. Neurosci. 259:106-113. 

Greenberg, T., J. M. Carlson, J. Cha, G. Hajcak, and L. 
Mujica-Parodi. 2013. Ventromedial prefrontal cortex 
reactivity is altered in generalized anxiety disorder during 
fear generalization. Depress Anxiety 30:242-250. 

Hamilton, M. 1959. The Assessment of anxiety states by rating. 
Br. J. Med. Psychol. 32:50-55. 

Jovicich, J., S. Czanner, X. Han, D. Salat, A. van der Kouwe, 

B. Quinn, et al. 2009. MRI-derived measurements of human 
subcortical, ventricular and intracranial brain volumes: 
reliability effects of scan sessions, acquisition sequences, data 
analyses, scanner upgrade, scanner vendors and field 
strengths. Neuroimage 46:177-192. 

Kanai, R., and G. Rees. 2011. The structural basis of 
inter-individual differences in human behaviour and 
cognition. Nat. Rev. Neurosci. 12:231-242. 

Kennedy, B. L., J. J. Schwab, R. L. Morris, and G. Beldia. 2001. 
Assessment of state and trait anxiety in subjects with anxiety 
and depressive disorders. Psychiatr. Q. 72:263-276. 

Kuhn, S., F. Schubert, and J. Gallinat. 2011. Structural 
correlates of trait anxiety: reduced thickness in medial 
orbitofrontal cortex accompanied by volume increase in 
nucleus accumbens. J. Affec. Disord. 134:315-319. 

Labate, A., A. Cerasa, M. Mula, L. Mumoli, M. C. Gioia, 
U. Aguglia, et al. 2012. Neuroanatomic correlates of 
psychogenic nonepileptic seizures: a cortical thickness and 
VBM study. Epilepsia 53:377-385. 

Laricchiuta, D., L. Petrosini, F. Piras, E. Macci, D. Cutuli, and 

C. Chiapponi. 2013a. Linking novelty seeking and harm 
avoidance personality traits to cerebellar volumes. Hum. 
Brain Mapp. 35:285-296. 

Laricchiuta, D., L. Petrosini, F. Piras, D. Cutuli, E. Macci, 
E. Picerni, et al. 2013b. Linking novelty seeking and harm 
avoidance personality traits to basal ganglia: volumetry and 
mean diffusivity. Brain Struct. Funct. doi:10.1007/ 
S00429-013-0535-5. 

Lenzenweger, M. F. 2013. The cutting edge: endophenotype, 
intermediate phenotype, biomarker: definitions, concept 
comparisons, clarification. Depress Anxiety 30:185-189. 

Liao, W., H. Chen, Y. Feng, D. Mantini, C. Gentili, Z. Pan, 
et al. 2010. Selective aberrant functional connectivity of 
resting state networks in social anxiety disorder. 
Neuroimage 52:1549-1558. 

Liguori, M., F. Fera, M. C. Gioia, P. Valentino, I. Manna, F. 
Condino, et al. 2007. Investigating the role of brain-derived 
neurotrophic factor in relapsing-remitting multiple sclerosis. 
Genes Brain Behav. 6:177-183. 

Milad, M. R., and S. L. Rauch. 2007. The role of the 

orbitofrontal cortex in anxiety disorders. Ann. N. Y. Acad. 
Sci. 1121:546-561. 

Minelli, A., L. Pedrini, L. R. Magni, and A. Rotondo. 2009. 
Personality traits in Italian sample: relationship with anxiety 
and depression. Clin. Pract. Epidemiol. Ment. Health 5:26-30. 



2014 The Authors. Brain and Behavior published by Wiley Periodicals, Inc. 



513 



Neuroimaging Correlates of Anxiety Scales 



G. Donzuso et al. 



Mondolo, F., M. Jahanshahi, A. Grand, E. Biasutti, E. 

Cacciatori, and P. Di Benedetto. 2007. Evaluation of anxiety 
in Parkinson's disease with some commonly used rating 
scales. Neurol. Sci. 28:270-275. 

Montag, C, M. Reuter, B. Weber, S. Markett, and J. C. 
Schoene-Bake. 2012. Individual differences in trait anxiety 
are associated with white matter tract integrity in the left 
temporal lobe in healthy males but not females. 
Neuroscience 217:77-83. 

Montag, C, M. Reuter, M. Jurkiewicz, S. Markett, and J. 
Panksepp. 2013. Imaging the structure of the human 
anxious brain: a review of findings from neuroscientific 
personality psychology. Rev. Neurosci. 24:167-190. 

Morey, R. A., C. M. Petty, Y. Xu, J. P. Hayes, H. R. 2nd Wagner, 
D. V. Lewis, et al. 2009. A comparison of automated 
segmentation and manual tracing for quantifying 
hippocampal and amygdala volumes. Neuroimage 45:855-866. 

Ochsner, K. N., D. H. Ludlow, K. Knierim, J. Hanelin, T. 
Ramachandran, G. C. Glover, et al. 2006. Neural correlates 
of individual differences in pain-relates fear and anxiety. 
Pain 120:69-77. 

Rasetti, R., V. S. Mattay, B. Stankevich, K. Skjei, G. Blasi, F. 
Sambataro, et al. 2010. Modulatory effects of modafinil on 
neural circuits regulating emotion and cognition. 
Neuropsychopharmacology 35:2101-2109. 

Rule, W. R., and M. D. Traver. 1983. Test-retest reliabilities of 
State-Trait Anxiety Inventory in a stressful social analogue 
situation. J. Pers. Assess. 47:276-277. 

Schienle, A., F. Ebner, and A. Schafer. 2011. Localized gray 
matter volume abnormalities in generalized anxiety disorder. 
Eur. Arch. Psychiatry Clin. Neurosci. 261:303-307. 

Schneider, G., and G. Heuft. 2012. Anxiety and depression in 
the elderly. Z. Psychosom. Med. Psychother. 58:336-356. 

Schunck, T., G. Erb, A. Mathis, N. Jacob, C. Gilles, I. J. 
Namer, et al. 2008. Test-retest reliability of a functional 
MRI anticipatory anxiety paradigm in healthy volunteers. J. 
Magn. Reson. Imaging 27:459-468. 

Sehlmeyer, C., U. Dannlowski, S. Schoning, H. Kugel, M. 
Pyka, B. Pfleiderer, et al. 2011. Neural correlates of trait 
anxiety in fear extinction. Psychol. Med. 41:789-798. 

Spampinato, M. V., J. N. Wood, V. De Simone, and J. 
Grafman. 2009. Neural correlates of anxiety in healthy 
volunteers: a voxel-based morphometry study. J. 
Neuropsychiatry Clin. Neurosci. 21:199-205. 

Spielberger, C. D. 1989. State-trait anxiety inventory: a 

comprehensive bibliography. Consulting Psychologists Press, 
Palo Alto, CA. 



Spielberger, C. D., R. L. Gorsuch, and R. E. Lushene. 1970. 
Manual for the state trait inventory. Consulting 
Psychologists Press, Palo Alto, CA. 

Spielberger, C., R. Gorsuch, R. Lushene, P. Vagg, and G. 
Jacobs. 1983. Manual for the state-trait anxiety inventory 
(STAI). Consulting Psychologists Press, Palo Alto, CA. 

Strawn, J. R., A. M. Wehry, W. J. Chu, C. M. Adler, J. C. 
Eliassen, M. A. Cerullo, et al. 2013. Neuroanatomic 
abnormalities in adolescents with generalized anxiety 
disorder: a voxel-based morphometry study. Depress 
Anxiety. 30:842-848. 

Tecer, A., R. Tukel, B. Erdamar, and T. Sunay. 2004. 

Audiovestibular functioning in patients with panic disorder. 
J. Psychosom. Res. 57:177-182. 

Tinaz, S., M. G. Courtney, and C. E. Stern. 2011. Focal 

cortical and subcortical atrophy in early Parkinson's disease. 
Mov. Disord. 26:436-441. 

Torres, A. R., L. F. Fontenelle, Y. A. Ferrao, M. C. do Rosario, 
R. C. Torresan, E. C. Miguel, et al. 2012. Clinical features of 
obsessive-compulsive disorder with hoarding symptoms: a 
multicenter study. J. Psychiatr. Res. 46:724-732. 

Uchida, R. R., C. M. Del-Ben, G. F. Busatto, F. L. S. Duran, F. 
S. Guimaraes, J. A. S. Crippa, et al. 2008. Regional gray 
matter abnormalities in panic disorder: a voxel-based 
morphometry study. Psychiatry Res. 163:21-29. 

Uliaszek, A. A., K. K. Hauner, R. E. Zinbarg, M. G. Craske, 
S. Mineka, J. W. Griffith, et al. 2009. An examination of 
content overlap and disorder-specific predictions in the 
association of neuroticism with anxiety and depression. 
J. Res. Pers. 43:785-794. 

Zhang, Y., L. Li, R. Yu, J. Liu, J. Tang, L. Tan, et al. 2013. 
White matter integrity alterations in first episode, 
treatment-naive generalized anxiety disorder. J. Affect. 
Disord. 148:196-201. 

Zinbarg, R. E., and J. Mohlman. 1998. Individual differences 
in the acquisition of affectively valenced associations. J. Pers. 
Soc. Psychol. 74:1024-1040. 

Supporting Information 

Additional Supporting Information may be found in the 
online version of this article: 

Table SI. Multiple regression analyses contrasting nonlin- 
ear association patterns between theoretically relevant 
neuroanatomical structures underlying anxiety-like behav- 
iors and individual variables for the whole sample. 



514 



© 2014 The Authors. Brain and Behavior published by Wiley Periodicals, Inc. 



